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ABSTRACT : 



PURPOSE: To provide a hetero junction bipolar 
transistor (HBT) type 

semiconductor device wherein the heavy doping of 



contact layer is achieved by 

taking advantage of ion implantation techniques, 
and further the position of 
p-n junctions is in accordance with that of 
hetero junctions with accuracy. 

CONSTITUTION: A p-type silicon-germanium mixed 
crystal layer 111 to be a 

base and an n-type silicon layer 112 to be an 
emitter are deposited on an 

n-type silicon layer 103 to be a collector in this 

order. In order to form an 

emitter contact, dislocation or the like is 

introduced above the n-Si layer 112 

to be an emitter by making the lattice constant 

different from that of the 

emitter Si layer 112. Further, a semiconductor 
layer with n-type impurities 

introduced by ion implantation, for example, a 
Si<SB>0 . 2</SB>Ge<SB>0 . 8</SB> 

mixed crystal layer 114, and n<SP>+</SP>-Si layer 
115 are formed to constitute 
a HBT. 
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(54) [fMUiO^MS:] 4^IIB 



0»^A>f ( HBT ) 

Ilk. xS-zrJ'k^S i^^^i^U ri>'fli 1 2kifrll 

mtaMtiisu. 1 Geo. 8 i ^nxxf n* 

-Si Jil 1 5*i»tr, HBT^«jftf S. 




(2) 

1 

mt. 

biS^mU 10 
[0001] 
[00021 

X. msmb^tih^i. ^^m^mmmxh ao 

f .ai tt. d^^m^tlh. 

[0003] 

f.ai = (ft / SarRb Cc ) i/* (1) 

^i^T. ft MMmmmmwmc^. micWi^t^ 
xwmz^vth^-r u r<7ymfm&fmth ^bb. 

:c-%-/fb^V^9<7fimmm:WbX. f&f^as? 

^9m^x. Wi^t'^9m^mmm'h-th^bifi& 

mb*£h, m-XM. ft M 50GHz (C3i^4ttfi&&«« 
it>t>ii. -ewfcftJc^-y^liliSOiMaTlcli/h^tiiJ: 

mi 10kQJ3Ltfc^:0. it!l»>^&=Srf t <^Ofc«f 
..1 *«/h$< (JIMWfc*i2(KaOGlfe). fr/t=SrSte*«* 

[0 0 04] C:<0J:3^:l^tlEi.Sa«f:LT. 'vx 
n»^x$y:?S*B*<ftS. ::<0^«-ci4. '^-AiO 40 

mmiZii30imffy<.-xm^X. SXIOI^cb-^O 
S. ::<0^TOSf^A>f3K-7b^>'>'*X^' (HBT) 

[0 0 0 51 @8(C. npiM(0HBT<0im%7l6H! 50 
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2 

tJiBOniiOit^T 5xl0J9cir3gjg<^ i^^ttl&^^W 
LjtSio.7 Geo.3 '<.-;^Jii;. 2~ 5X10»8ci-3gS<7) 
nS^!fe^^*"Ufc50niSecD^$c7)SiX 5 y 
b. 102»cr3gSO nS^Ptttt^^^TLfc ISOn^O 

coaSSr l~2n« <OKHr iBBlt-St^-frS i: 3&^iiJS 

[00061 c:<oi:di:il®fc:*ttT(i. 500~70ox: 
i: d i^-c y 3 y^i^ y n yy/l/vnt^ Asa^ « 

mh-mim^xhh, si2 h s t gch. 

B2H6 tfflV^fcCVDtttg-C. 550t:tV^d<^-C. ;K 
oy^mSc^JiftS^WtJtSio.s Geo.7 i^yny 

Sio.3 Geo. 7 i:Sii:OraKfel,%T«. 1&=f-mL<^ 

4$-fr^:«r^J:dt:. Sio.3 Geo.? JBtDffSttSOiweSIJl 

Ttrf-S. C:<0±fc. $ttlSi2 He fcPHj 5rfflV^yt:C 

vDStg-c. ifflcosiSi esoxsKwas-cxt:?^ 

^i>ffi\i:&%>^->}*£-}imb^thlxx\^h. zzx. x 
t^'4fi^^;wdt;giaS3&< lovcaTXhtm. ^axn 

^'±hb\>^dm&i>mmx^i>;ibim^^ith. 

[000 71 U»L=S:*«<5>, Z(OlS&CVDgtMXit. 

3 y^tremt-S b . -fb^tStt^ri^y 3 y<o>F« 

■tb. vyaxojftfijSSti^U^ST-r^.. c: 
<0 VfiSi^<J5^SJ4, 700~ SOO-CgStfOBSi-C^ 

m^m^mxhi. 

[00081 09fc:. Si2 He ifflV^ytCVDffiCiS 
Sixe:J'^v^;Pj&^fc:tJV^T. PH3 i^Sani U^ti^co 

js^KSwisittsss-^. jfigiaaaj Goorcxn. *> 

■r*>100pp«cOPH3 »-mfi*Cfarffifc:^rS. (E:giae 
2: 70OCtC±»fCt>. lOOpp^PHs aaHTC. «fiaiSI± 

mmrjsst^ lomTfcfiTLTLt^K af«s<rPF 
zMtHfi^^LtLW&x$m\i3»Mth<r>x. cvoa 



3 

fc:. Si2 H 6 ^fflv^y:: 70(rcocvDffitcj:ssixh:^' 
M^astiiif H-t— iiKfcwiiffi*^. pib mm 

[0009] HI nc. mm&tma<omtz-f:t>ii. 

mmi:7mLti. 13!*iOft«fl%rSi/Si-&^HBTi7) 

n*-Si fflRlitC. St^S- lxl0i7cr3^U-tSiS 
2*500ni . #oy^ lxlO»9cr»iiaintfeSio.7 Ge 
0.3 B3i&30nB. Sl^^^ lxl0i7cr3aanL;tSig4* 

1 1-a) . iiT. xe^'#>'-vA'ft^4, SiCh H 
t b Geflt *WV^3tCVDft-t?fTVK ^-^^yhJfXliZ 
« Aslfe t B2 H 6 SrfflV^S. iJt. Si®2. 4<7)«^ 
I4 680X:-C. Si-€ea3m;g«4 56(rc-Cffi>il4. 
[0010] acfc:. .'Koyi& 40keVOjIfiix*;MP- 

lxio»5cr*]^?Wt=aALT.'<.-X3yrJ'^'h 
««5S^»jK^*i:^5ft:. St^S^ 30keVcoJl6SLX*;l.=^f 
-f, 3xioi»M-»»?Wt:aALT. Ji^y^ay^ 

i!^hmmei:mA-th (Hi i-b) . c^-c, ^r^r^ 
>i^^fh9^jmLxm^-th (01 1-c) . 

[0011] fi*<^^RWltt^ 3r 

Jl^*?l#fi::-rc:ttt=5:<, aff^:HBT!^ttA«»}^ 

[ooi2]0i2ic, m-<^3mmaovc^ loms) 

^<^S1^4 li«JaTC*r>fc. f:C:^*«. a^*-f 
;l->aEAL<:fS«<^^»j!raa<07^^^B«. 01 3tcS^ 



(3) ^IB¥6-252158 

4 

oft^<0fi»f^lJ4. XS «y ^'ftti it^rJ V :^ ^fflit* 

•C*^ (700X:fc:t5tt«.«?fl[S<0;iJo>'<ofi£St^li~ 
10 xS-y^'ayrJ'^'MS-mt.kdfcLTi. '<.-:^+ 
[0013] ilfc, «3|«D«l<Oftiai*S5i/Si-&SHB 

ToSS3ri:e$'0i4t>it^i5fc:^. c:<7«8§0l 
(ciJir^Tli. ^-fa^^^ay^^fJii&iaaS n* Si 
*«l0±fc:. ^i^i'^'Wk^S i^iSi iS^xe^^ 

mmtLx. y i-A,Ym^i2i:mm-t (01 

4-a) . '^-X - 3P^'^S^&«a<0SiSrSaSLft: 
20 ft. ;l«ny«r 5Xl0i«cr3aaiDLfcSii-i Gei SI 3* 
SOm, ft^«SiH14i&30n«^W$-C. )BijCxe^'=^ 
i'-^;l^«fiS-e-S (014-b) . Xt^'^j^ 
•v;H«;S*i. SiH4 k Geih i&WV%!t*vh'>*-;kC 

ifc, Sii-, Ge, Bl 3tt. aiKitx *«aL'^'^'fflrc 

jKoV* 4(»ceV<^llIfilX;».A'^-'C. lxl0»8cr»»{ 
WfcmtT. '<:-X3yi5'^'h««i5^»j£L. 

30 x^f-y^T^-rS (014-c) . 

[0 014] iXfc, CVDffir Si02 Kl6^J^t. 
x5-/5'««fc:ny5'^h5§16ai&l3»t. ."KUv-Un 

^RiTit isoMt^rr* (01 5-a) . <jcv^-c. a 

*i&70keV <OllPax:|>A^-T. 5xl0i5ar»;lf»J>'y 
3>K1 TfcaAt. 1000Xm^T--/PLT. ^ 
«ttOif5ttfl:kx5^^'>FteiiW«S»$^^f3. ijCK. x 

$ «y ^'asj^SLTdf y y y 3 >IR 1 7 ^x 

*L. CVDffif Si02 RlSi&ltaLfcft. «ffil9 
?rJgJfiLrv'C>f5|f-5h7>S^*A^'S#& (01 5- 
40 b) . 

[0015] z.</ym^. imLitmm<nis^\;tsic 
<s<7)r:^-;w^Tftaj$ti.«.ig^^^*Jd^y i^y n 

i:.if y i^y ayffill 7 toiat:^?ftt&i«SB6ftlS^K 
J*t6:t«^>fc:. 100(rcSg<Oii»«SAS!^i:^:&. i<0 
M;^i'S:rtiirtS<-XSii-, Gei Jil 3<'5GeffljK 
it* 0.2aJik:'rs<oi4Hii^*'). $'i>fc:Sa-C<^ 
50 «SlfcJ:0;Ko><^*dito{)^k^rO, IS*«fc:l?aL 
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[00 16] 

[0017] 
[0018] 
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[00191 

[ 0 0 2 0 ] H 1 li. i^^mry-mm^ii S^xo« 
(HBT) 10 0tf>fl}figSr* 
t«fffiaT*S. ti*. PHfcrS^-fHBTioot^^BS 

10 JM^. m2^A^mLLxmm-h. 

[0021] i-f, H2 <a) fcStti^fc. P- -Si 
SSl01±fc:, aui^i^ayfifvmt^ih l.d^m 
Wn -Si Jiio2*r>'f^>t£ikfcJ:omu 

■fcDiklfilS: lxiO»7c«-3-if*L;tn-SiJil 03*. rJ 
V^^mbVX 0.3jui <0S!§Txe^'=^r>'-v;l'JfiS3 
■li-S. <>:fc:. 02 (b) fc^iatc. '^-x-3k^' 

-f-zl^m^JKl 04*»^S. iJcv^T. KfllKl 0 
5^:dfyi^U^>'lO6i&®^>ii^y^«fcJ:0. 
20 tt««*»liWS (H2-C) . 7^-;l^HiWl«10 
4 $r«i3 y^^YMl^il *JStiJ^S J: 9 fc3R 0» 
«S^K-rL/i5K'J5^!;3yi0 7$:7^-;PKe 

0 2*^t]ROa!^ (H2-d) . 

[ 0 0 2 2 1 i ^ ^-COIgTJBJKL^tSi^aESIt . 
av^'^'n:^^'^' h«f>Oj|f y i^y 3> 1 0 7tf>mffili. 
l(»MK^»$nWfcLT^< (108. 10 9) . 

fc. ■ nu^9ist^mm±.ffmmi i oi^s^? 

30 Lfci^yri>'SaS5^*STi^L. iiJaHb&BiffL^: 

V^Jtxe^^i^A'/l^.Silgtt. SEiEEft*«10->o Tarr 
«iSS^ttaitf53-;kH'>*-;HPC. Sij Ik i: Ge 
lb ;<rx*fflV^itCVD*. 10-«TarriS«tf«M^flE*T 

;{fXiS:a^. i^yny^MS-^SSLTV^S^^BWIL 

iBk:<o;^SS?Wt:si*«xe:J'^v-v';w«Stttt«>S. 
40 [00231 -^xyNas*? ssoictr^tytlK. Hi^t G 
dk ;iyxi: Bz H e ;<rx*aaraL. •>x^NiaStt ssoc 

tctmt;tit. dfoySr 5X1019CB-3 H-rL:tSi 
0.7 Geo. 3 m&t:30nm^^-t. K-xmi 1 l^^S 
(H3-a) . 40aC*>4> SSOCfc^ffl 

i-ii^TlfiSUfcSi<Di[Sli 2niT*ofc. «fc, Ge 
H4 XfXi: B2 H 6 ^Xi:±if>^ ^3U\i: 680CfcMl 

Lx /teH3 xfxs^aaiDL. "^xyNiaett mx:tztmi 
titt. mm^ 2xioi«c«-9K-rt«5i (112)* 

50 ^■rSj^-Cl«SUfcSioa$tt8ni'C&r>fc. $^ 



(5) 
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680iCT1iSi2 H 6 iJXifi Si02 ^iiirfc^MB 
lMkl04llU:fc:J*K'JS^'J3:^113*««arrS (g 

3-b) . GeH4 ijT.^wm'L. StS5-K-rL 

fcSio.j Geo. 8 1 4 5r5rai^;g$-»i:. $ii>fc: Ge 

H4 ;i{fX5^il:«>-C. Si^Sr 2x10»«cb-3 K-r LJtSi® 
1 1 5^«)in«^$-^£. ^ICI-C. Sio.t Geo.s SAS 
1 14«. a«cOi^Unyfc1§^m6*3.2a:tM^:SiO 
•C. -e<^t*cS4^t±SiJi 1 1 5Hfc 

«»LTV^&. '>xy\^t:fltS(As)$^ 40keV 

OlllfiSx;*.;!/^-^. 2xiO»5ci-2aA-t& (H3- 10 
C) . ClCl-C. 8k^<^>Sl^g{i27ntf5:<0-C, SEXUff 
3a«liSi«l 1 5fc±*->t:v^S. 

6T^XCf Si® 1 1 5 kSio. aGeo. 8 ^€ 114 

S\mi 1 2i:d?U5^ynyJill Bt^nXB) i& 30k 
eV<0jll3IX:^;P^-T. BxlOiScB-'aEAfS (04- 
a) . Pi^'XM 16^|^L^». 700X:•C15^i■^ 

jaaL-c^^i-^aEA^ift^ssttftL. si«i 1 5«t»tc 

x5n.^'3y^'^'h««^}BjaW4f:«fc:. SiJll 1 20 
3. 1 1 2«t>t:'<.-xrjy^^'h««i 1 7$-mL, 

7i&Xyf-y^nS^^S (04-b) . 

[00251 itfJfii. "^xyN^fflfcrihC VDtST Sifh 
Kl 18i&*|»L. S^t=x5-/:?«il 19. K-X 
«fil20, 3W^:?«ii2iSrm-f6::i:t:J:-5 
aifc*Lfc'^xn»^A>f,-|f-7h7V$^x^' 

(HBT) 10 0*«»^>*lS. J«itWOHBT10 

Otf^SiXgtitJV^t:. >f:t>aAt:J:-5Tx5y^n 

SI 1 SaXVSn.i Geo.8 &^bW114I4. fefiSr^ 

^mJ4fifi[t:«»$*l. X5 -y ^'SiJi 1 1 2^-:^ 
Si-<k5ai 1 ifc:«aJrr&::k=Sr<. Hfe^LTMStT 

[0026] HSK. ^K'JlliiiMTfmLfcHBTlO 
0 KtJft 5x S y rJ'liaco S I M S t J: S ji^T^ 7 r 

*«a:r>;t<lfefCVv3:v\ tit. Sie.2 Geo.s Jil 14 40 
■C3I^LfelKfi«. x5^:?SiJgl 12fflUcJie«LT 
vvfirv^^fc^ x* ^yrJ' - '<.-X[a<^S^«l4S^5-2xl 
0i8c«-3H-7-t:tSiSl 1 2+fcgtXT. ftfiSrrtK 
f^SiSl 15i>J:t;Sio.2 Geo.s ^b€1 14{Ctt& 

^rv^^i:*«ih&>&. $^>fc:. «fi$-rtiftSSiJil 1 5 
is J:tfSio. 2Geo. 8 1 1 4 2:x^ -y j>sm 112 

Infjit^-yti, 50 
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[00271 i^t. xS^^'ny^'^'hk^rSSiSll 

xs-y^'iSKi^BfiiLfcHBTiJiesT^. 

350. '^-xtryf-iBJSs** 600Q. Wci^wmmafi 

[00281 act:. *ll6BB<^<^lli(l0«fc:ov^-c^ 

[00291 H6tt. *f|BB<ofl!j<^)||il«H|tcJ:&^TO 
l^^^^m-'^V^'yi^X^ (HBT) 130<0fl}«-& 

HBT13 0<^«SiIgi&, H7^*#«gl,-CiSW 

[00301 t-f. «53*Lfcmi<7)||S|fia|kp«(^^rffi 
"C. St^S-H-rL/tSi^l 1 2tJj:tfdfJi^y rj>® 
1 1 3t-Ci&JgjSLit. H3-bt:^rt1SJi^^&. iJ: 
v^-C. B^S^L/t7:rM^i^;^h*vx^'i:L. Si 

ill 12. ll3fc5Ka>'i&^aev<;>JIIja[XJ^A'^-■c 
3xioi5ci-taAt. '<-X3y^'^' v«ai 3 1 ^Jg 

«131«-Xy^i^i7T^-t4 (07-a) . 
[00311 iXfc:. ^rxyN^trfkcvDS-c Si02 IS 
13 2^JtaL. x*^^'3y^'^'b5gS:||(t. 

t:tl3t0l2:P«^CVD&-C. Sio.2 Geo.s 
3 3 «r SnirftSt. S ^.tOx^x^ffltcSil 3 1 3 4 i£r 
SOnMttffl^ri (B7-b) . C:O'>xyNtat*(As)2r40 
keV<Oj|«tX:».;Pdef-"C 2XlO»6cr»aEALfc1^. 700 

[003 2] c:<7)1*. xS'/^'ay^j'^h^JS^SUt: 

Siai34^X.yf->'m*t. CVDffiT^Si02 Kl 

3 5*^j(ffliu xsv^'mffiise. <-x^i3 

7. 3U:7^'«ffii3 8S-»iSt5ii:tJ:0. H6fc 
^Lfc'STOj^^A^fdf-^b^ys^A^ (HBT) 1 

[00331 Ji^Lfc J: 0 ^TiBSS^tJ it^ffliStctJO 

$*l^<S^SlS^i. Sio.2 Geo.s aail 3 3<^fi[ 
(C^Sil. XS -r^Sill 1 2'^—X Si-GeSl 1 

*^:«>. IgK^^ISIMkH^OftfifeHBTi^ibm^, 

[0 0 34] ^rtj. ±iB*iaiMtc*iv>T«. >rjr>^ 

kLT. Gei^*LitaW*x5y:J'3:/:?^'h«fci^ 

A-r&«fc:ov^T3*^36«. ^}mziim^9>yx 
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[0035] 

vvx*.;,^jHS. fivv<._^jas[, tJiWiv^assiiii 

[01 ] *l»»^||itij|t:j:SHBT«o«i£S-^-r» 

[02 ] HI t:^■^-HBT<offiiIfi<o-»^^Erc 
^&. 

[33 1 H2t:«<HBTOi^ljS<0-9*^aT' 

[04 1 H3KS<HBToiijtig<o-ai&^a-e 
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[071 H6tSrrHBT<^«gjtlS*gcr0TftS. 
[081 a««=flrHBT<^PR«»Tn7T>f ;U^>--0!* 

[09] fiscvDtcispife (ov-\:>iritmm 

[010] fl^C VD t J: S«IS^«Si: K-^-Sflf k 

[01 1 1 fi!3fe^)HBTc^«BgIS(^)-W$-^rr0rife 

[0121 01 lfe:*-rHBTO>f^yaAir^PR«lft 

[01 31 01 Ifcr^f HBT<0^:t>mfiWPRtti«| 
ro7 r >f ;l'*5^rt0T*S . 
[0141 fiaW)«OHBT<^«BSIg(D-a5iSt® 

[0151 014fcg<tS*<OHBT<7«8&IgiO-a5 

[^f^ilW] 



20 



100 
T) 

101 P- -Si S« 

102 n+ -Si aU^^ziyjf^hm 

103 xt^iaV^jfm 

1 1 1 p* - Slc.7 Geo.3 ^—Xm 

1 1 2 n-SixS/^'W 

1 14 Sio.2 Geo. 8 fSS^ 

1 1 5 >firvaA n* -Si ayjr^ vm 
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idO 200 300 400 

SB:(peMR2 (nm) 
(a) 



05 
04 
03 
02 
Ql 



I 



100 200 300 400 



(b) 



